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3    MATERIALS AND METHODS 
 
 Overview 
This chapter discusses on how the experiment was carried out. It includes the chemicals 
needed for the draw solution and feed solution. Besides that, this chapter includes the 
membrane used in the experiment, known as cellulose triacetate (CTA) membrane. The 
methodology are divided into two parts which are the characterization of CTA membrane 
in terms of physical and chemical properties. In addition, the permeation module for the 
forward osmosis process is demonstrated in this chapter. Lastly, the method for which the 
data was tabulated and also the way of discussion of results are discussed in this chapter. 
 Chemicals 
The chemicals used in this experiment were solid sodium chloride, ≥99.5% purity 
(Sigma-Aldrich), humic acid powder (Aldrich Chemical) and solid sodium hydroxide (R 
& M Chemical); while the membrane used was cellulose triacetate (CTA) membrane 
(HTI water). Sodium chloride was used to form draw solution while humic acid was used 
to form the feed solution. Sodium hydroxide was added to the feed solution to keep humic 
acid in soluble form. CTA membrane was used to separate the humic acid feed solution 
from the draw solution and allowed forward osmosis to occur. 
 Preparation of draw solutions 
Sodium chloride was dissolved in water into draw solutions with different concentrations 
of 0.5M, 1.0M, 1.5M, 2.0M and 2.5M. The volume of pure water at each concentration 
was 1L.  
 Preparation of synthesized river water by using humic acid 
A 15mg/L humic acid solution was prepared as synthesized river water to be used as the 
feed solution for the forward osmosis experiment. 15mg/L of humic acid was used as it 
is the highest recorded humic acid concentration to be present in the river water in 
Malaysia and this allows the result of research if successful, to prove that any 
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concentration of humic acid below 15mg/L can be treated by forward osmosis process. 
Two different stock solutions of humic acid were prepared by addition of 1g and 10g of 
NaOH respectively to keep humic acid in soluble form.  First of all, two stock solutions 
were prepared by dissolving 1g of humic acid powder in 1L of pure water. Then, 1g and 
10g of sodium hydroxide were added to the different solutions and labelled. After that, 
the feed solution was prepared by taking out 15 mL of the stock solution by using pipette 
and diluted to 1L using pure water. 15 mg/L of humic acid solution was prepared.  
 Permeation module 
The permeation module is shown in Figure 3-1.  
 
Figure 3-1: Schematic diagram of bench-scale forward osmosis system  
(Achilli et al., 2010) 
 Methodology 
3.6.1 Characterization of CTA membrane performance 
The forward osmosis experiment was conducted on a lab scale unit. First, the Cellulose 
Tri Acetate (CTA) Membrane was inserted between two chambers to separate the feed 
solution from the draw solution. The membrane was orientated such that its active layer 
faced the draw solution compartment to reduce the internal concentration polarization and 
Digital Balance 
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thus obtaining the higher flux flow. Then, 1L of 0.5 M NaCl draw solution and 1L of 
humic acid feed solution with 1g of NaOH added were prepared in respective beakers. 
The feed solution was placed on a digital balance and weight changes were recorded for 
1 hour in 10 minutes interval after the peristaltic pump was turned on to calculate the 
permeate flux. Peristaltic pump was used to circulate the feed and draw solutions in the 
process. Before the experiment starts, the pH of feed solution was determined by using 
pH meter. Besides, the conductivity of the two solutions were measured and recorded 
using conductivity meter before the experiment. The absorption values of the solutions 
were also determined before the experiment by using UV-vis spectrometer at a 
wavelength of 254nm (UV254) according to Tang et al. (2007). Temperature was 
maintained at room temperature and the pressure was 1 atm. After running the experiment 
for 1 hour, the absorption values were taken for both the feed and draw solutions by using 
UV-vis spectrophotometer in order to determine the concentration of humic acid in the 
solutions; while the final conductivities of feed and draw solutions were measured and 
recorded again to know the amount of reverse salt diffusion in the feed solution. UV-vis 
spectrometer test was done by taking pure water as the base and any increase in 
concentration of humic acid of the used solution was recorded whereas conductivity of 
solutions was measured by using conductivity meter. Following that, all the apparatus 
was cleaned by using deionized water and the experiment was repeated by using the same 
cellulose triacetate (CTA) membrane for the draw solution concentrations of 1.0M, 1.5M, 
2.0M and 2.5M. The whole experiment was repeated by using another feed solution with 
10g of NaOH added. 
 
After the experiment, the volume of water permeated was calculated by using equation 
(3.1) as shown below: 
                                                         ∆𝑉 =  
∆𝑀𝑎𝑠𝑠 
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
                   (3.1)  
                      
where ∆V is the volume of water permeated, ∆Mass is the changes in mass of feed 
solution and density of water is 1000 kg/m3. After that, the water flux of each draw 
solution at different concentration was calculated by using equation (3.2) (You et al., 
2012): 
                                                                 𝐽𝑤 =
∆𝑉
𝐴∆𝑡
                                                       (3.2)      
             
